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Description 

Background of the Invention 

[0001] This invention relates to phase locked loop 
(PLL) systems in which the density of data transitions in 
the data signal varies. 

[0002] Monolithic PLL circuits have become the basic 
building blocks of many consumer and industrial elec- 
tronic systems. In telecommunication data systems, for 
example, the PLL is an integral part of the clock recovery 
subsystem. The PLL may be used to recover the clock 
signal from the data signal; the recovered clock may 
then be used, for example, to regenerate the data signal. 
[0003] The basic PLL system generally comprises 
three elements: (1) a. phase detector, (2) a loop filter, 
and (3) a voltage controlled oscillator (VCO), which are 
interconnected in a feedback system as shown in FIG. 
12.1 of "Bipolar and MOS Analog Integrated Circuit De- 
sign," A. B. Grebene, John Wiley & Sons (1984). The 
phase detector compares the phase of an input signal 
V s with the phase of the VCO and generates a control 
voltage V d . This voltage V d is filtered by the loop filter, 
the output of which is applied to the control terminal of 
the VCO to control its frequency of oscillation. 
[0004] The loop gain, K L , of the PLL is defined as fol- 
lows: 



K D K o 



(1) 



where K D (V/rad) is the phase detector conversion gain, 
and.K c (HZ/V) is the voltage-to-frequency conversion 
gain of the VCO. 

[0005] It is well known that the phase detector gain 
K D , and hence the loop gain, of a clock recovery PLL is 
dependent on the transition density of the data signal. 
(D.L Duttweiler, BSTJ, Vol. 55, No. 1 (1976)). That is, 
when the data signal undergoes few data transitions , the 
phase detector has periods of time when no data tran- 
sitions occur to compare with the VCO recovered clock. 
The effective phase detector gain K DD is then degraded 
by a factor D < 1 defined as 



and 



D = f trans"clk 



K DD- K D D 



(2) 



(3) 



where f^^ is the frequency of the data transitions and 
f cik is the frequency of the recovered clock. 
[0006] Consider two cases illustrated by FIGS. 1 and 
2. In both cases the PLL is locked to an input data signal, 
but the clock signal is lagging the data signal by a phase 



error A. In FIG. 1, there is only one rising clock cycle 
transition between adjacent data transitions; thus, the 
degrading factor D = 1. But, in FIG. 2, there are three 
rising clock cycle transitions between adjacent data 

5 transitions; thus D = 1/3. Therefore, there are three 
times the number of error corrections in the D = 1 case 
than in the D = 1/3 case. This difference effectively 
makes the phase detector gain of FIG. 2, K D2 = 1/3 K D1 , 
where K D1 is the phase detector gain of FIG. 1, even 

to though the phase detectors themselves have physically 
the same implementation. 

[0007] This data-dependent variation of the phase de- 
tector gain will cause variations in the PLL closed loop 
dynamics and may be undesirable. For example, in a 

15 second order active loop filter PLL (Grebene, supra, 
FIG. 12.9), the natural frequency, the damping factor 
and the 3dB frequency all decrease as K DD decreases, 
but the jitter peaking increases. This effect is particularly 
troublesome in systems in which the PLLs (or repeaters 

20 which include the PLLs) are cascaded. For example, in 
token ring systems data may be inserted/extracted at 
different nodes such that different repeaters/PLLs see 
different data streams. With prior art PLLs, the transfer 
function of the PLL shifts with transition density such that 

25 some PLLs may lose lock; others may not. 

[0008] FR-A-2,662,875 describes a tuning circuit with 
a phase control loop and a frequency control loop, char- 
acterized in that, for comparison by an integrator, the 
current progressively increases with the closing time or 

30 the phase error of the corresponding branch of a phase 
discriminator. 

Summary of the invention 

35 [0009] The invention is as set out in the claims. 

[0010] The loop gain of a PLL is made to be essen- 
tially constant by compensating for the dependence of 
that gain on the data transition density of an input data 
■ signal. The loop gain is made to be controllably respon- 

40 sive to the transition density of the input data signal so 
as to increase the loop gain when the density is relatively 
low and, conversely, to decrease the gain when the den- 
sity is relatively high. In one embodiment of this method, 
the number of clock transitions (either rising or falling) 

45 between adjacent data transitions is counted and used 
to adjust the loop gain. In a preferred embodiment, the 
average loop gain is essentially constant with changes 
in transition density. 

[0011] This method is illustratively implemented in a 
50 PLL which includes a modulatorfor altering the loop gain 
in response to the difference between the data transition 
density of the input signal and the clock signal. Illustra- 
tively the modulator comprises a charge pump located 
between the phase detector and the loop filter. The 
55 charge pump supplies current pulses to the filter, the 
amplitude of the pulses being related to the data transi- 
tion density; the lower the data transition density in a 
given time interval, the higher the pulse amplitude (and 
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conversely). 

[0012] The invention is particularly attractive lor use 
in systems in which there is an upper bound on the 
number of data bits which can occur without a data tran- 
sition also occurring. Examples of such systems are 
those employing Manchester coding or Run Length Lim- 
ited coding schemes. 

[0013] It is also attractive for use in systems where 
the PLLs are cascaded because the PLL transfer tunc- 
tions, like the loop gain, are independent of transition 
density and, so, regardless of what data stream a PLL 
sees, it always maintains the locked condition. 

Brief Description of the Drawings 

[0014] The invention, together with its various fea- 
tures and advantages, can be readily understood from 
the following more detailed description taken in conjunc- 
tion with accompanying drawing, in which: 

FIGS. 1 and 2 are waveforms used to describe the 
adverse effect of data transition dependent gain on 
PLL performance; 

FIG. 3 is a block diagram of a PLL system in accord- 
ance with one embodiment of the invention; 
FIG. 4 is a combined block diagram and circuit 
schematic of the embodiment of FIG. 3; 
FIG, 5 shows waveforms useful in explaining the 
operation of the embodiment of FIG. 4; and 
FIG. 6 is an illustrative implementation of the coun- 
ter of FIG. 3. 



Detailed Description 

[0015] As noted above, the invention in general 
makes the loop gain of a PLL system controllably re- 
sponsive to the transition density of a data signal. In par- 
ticular, the invention makes the loop gain essentially 
constant even though the transition density may vary. 
[001 6] A block diagram of a PLL system 1 0 in accord- 
ance with one embodiment of the invention is shown in 
FIG. 3. The system includes a feedback loop 12 formed 
by a phase detector 14, a loop gain modulator (e.g., a 
charge pump 16), a loop filter 1 B, and a voltage control- 
led oscillator (VCO) 20. Located outside the loop 12, a 
data transition comparator 22 compares the transitions 
of the input data signal V s with those of the clock V D (i. 
e., the VCO output) and generates pulse width modu- 
lated (PWM) control pulses V T . The PWM pulses V T 
control the magnitude of pulse amplitude modulated 
(PAM) current pulses l c supplied by charge pump 16 to 
loop filter 1 8. The latter, in turn, generates a control volt- 
age V c which controls the frequency of VCO 20. Loop 
filter 1 B, which may be active or passive, VCO 20, which 
may be a relaxation oscillator, and transition comparator 
22, which may simply be a differentiator followed by rec- 
tifier, are all well-known in the art. 
[0017] Phase detector 14 may be any one of a class 



of well known detectors suitable for handling non-peri- 
odic data signals: As shown in FIG. 3, phase detector 
1 4 has two inputs: the input data signal V s and the output 
signal (clock) V 0 of VCO 20. Detector 14 compares the 
5 phases of V s and V 0 and generates two outputs, V d and 
V u , but three allowable states. That is, these outputs are 
logic levels applied to the charge pump 1 6: (1 ) V u alone 
is true when the output frequency of VCO 20 needs to 
be increased, (2) V d alone is true when the output fre- 
10 quency of VCO 20 needs to be decreased, and (3) V u 
and V d are false simultaneously when the output fre- 
quency of VCO 20 is to remain unchanged. Both V d and 
V u are never true simultaneously. This type of tri-state 
phase detector used in conjunction with a charge pump 
T5 is described by F. M. Gardner in an article entitled 
"Charge-Pump Phase-Lock Loops /IEEE Transactions 
on Communications , Vol. COM-28, No. 11, p. 1B49 
(1 9B0). Although Gardner describes the charge pump 
as "nothing but a three-position, electronic switch that 
20 is controlled by the three states" of the phase detector, 
in our PLL the combination of the charge pump 16 and 
the data transition comparator 22 function in a unique 
manner to supply PAM current pulses l c tothe loop filter 
18. The amplitude of these pulses is related to the tran- 
25 sition density of the input data signal V s . Since the tran- 
sition density changes as a function of time, the PLL dy- 
namically adjusts the current pulse amplitudes so that 
the phase detector gain, and hence the loop gain, com- 
pensates for variations in density. Effectively f therefore, 
30 ' the gain and hence the loop dynamics are maintained 
essentially constant over a relatively wide range of data 
transition densities. 

[0018] The effective phase detector gain (and hence 
the loop gain) is dynamically adjusted by means of 
35 charge pump 16 and comparator 22. The comparator 
22 counts the number of clock cycles n which occur be- 
tween data transitions and generates a suitable control 
signal V T which enables the charge pump 16 to deliver 
a current pulse of amplitude nl to the loop filter 18. For 
example, in FIG. 2 (the case of a degrading factor of D 
= 1/3) during the interval t c - t v three clock cycles have 
occurred before the data transition at t., . Consequently, 
the comparator 22 supplies a suitable control signal V T 
to charge pump 16 so that a current pulse of amplitude 
3l (not shown in FIG. 2) is applied to the loop filter at 
approximately t v The sign of the pulse may be either 
positive or negative depending on whether the clock sig- 
nal is lagging or leading the data signal, respectively. 
[0019] The manner in which the PAM control current 
is generated can be better understood from the following 
more detailed description of FIGS. 4-6 in which corre- 
sponding components of FIG. 3 and FIG. 4 have been 
given identical reference numerals. In this embodiment 
the loop filter 18 is a standard second-order filter having 
the series combination of a resistor R 1 and a capacitor 
connected between its input terminal and ground, 
with smoothing capacitor C 2 connected in parallel with 
the R n -C 1 combination. On the other hand, the data tran- 
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sition comparator 22 comprises a data transition detec- 
tor 22. 1 (e.g., a differentiator followed by a rectifier) with 
its input coupled to V s and its output coupled to the clear 
input CLR of counter 22.2. The increment input INC of 
the counter is coupled to V Q , whereas the parallel out- 
puts of the counter are control voltages V T ,-(/= 2, 3, 4...) 
coupled to the charge pump 1 6 so as to control the state 
of switches S,-and S',^, 3, 4 ...). 
[0020] The charge pump itself includes a first bank 

16.1 of parallel - connected current sources l f - (/= 1, 2, 
3...) coupled through switch S1 to node N for delivering 
a positive current control pulse l c of amplitude nl (n=1 , 
2, 3...) to the loop filter, and, similarly, a second bank 

16.2 of parallel-connected current sources I',- (/'= 1, 2, 
3...) coupled through switch S1' to node N for delivering 
a negative current control pulse l c to the loop filter. The 
amplitude of the current pulses is determined by the 
number of switches S,-or S, (i = 2, 3, 4...) which are 
closed under control of V-^ whereas the duration (width) 
of the current pulse l c is determined the length of time 
that switches S1 or SV are closed under control of. the 
phase detector outputs V u and V d , respectively. Thus, 
the width of the current pulses ! c is related to the phase 
error generated by the phase detector and as a result 
may vary considerably (e.g., 0-50%). In the interest of 
simplicity, however, FIG. 5 shows the pulses l c to be of 
equal duration. 

[0021] In operation of the embodiment of FIG. 4, the 
phase detector 14 compares the rising edge (for exam- 
pie) of the clock signal V 0 to a data transition of input 
signal V s . Assuming a positive VCO gain K 0 and an "ear- 
ly" clock transition, then a pulse would be generated on 
the "down" output V d . This pulse would cause the control 
voltage V c to decrease, thus slowing the frequency of 
V 0 (i.e., the clock rate). Note, however, the clock in FIG. 
5 is shown to have a constant frequency in the interests 
of simplicity (i.e., in many cases the actual frequency 
shift would be imperceptible in a schematic drawing). 
Conversely, if the clock transition were "late", a pulse 
would be generated on the "up" output V v to accelerate 
the clock rate. 

[0022] Consider nowthe operation of charge pump 1 6 
in which we assume each current source supplies a cur- 
rent of magnitude I. A pulse on Vy closes switch Si and 
connects bank 16.1 to loop filter IB. The amplitude of 
the control current i c supplied to the filter is I + kl; that 
is I (from ^ ) plus kl (k = 0, 1, 2...) depending on how 
many of the switches S, (/= 2, 3...) are closed. The du- 
ration of l c is dependent on the duration of V u . Similar 
comments apply to a pulse V d applied to switch S1 *. In 
both cases counter 22.2 controls the closure of switches 
S/and S', (/= 2, 3...) by counting the number of clock 
transitions which occur between adjacent data transi- 
tions. If a data transition occurs (t ot FIG. 5), transition 
detector 22.1 clears the counter22.2 and V T/ (/= 2, 3...) 
are all set to zero, thus disabling the current sources l ; 
and Vj (/= 2, 3...). If a data transition occurs after t G , the 
current source l,-or I', -supplies the necessary control cur- 



rent. However, if no data transition occurs by the second 
rising clock edge at \, , as shown in FIG. 5, then V T2 goes 
high on the trailing edge of that clock cycle (at t 2 ) which 
closes switches S 2 and S' 2 and prepares l 2 and V 2 for 
5 injection of c'ontrol current into the loop filter. (As noted 
earlier, whether the positive control current l 2 or the neg- 
ative one l' 2 is injected depends on whether a pulse ap- 
pears on V y or V d .) Similarly, if there continues to be no 
data transition by t 3 , the rising edge of the third clock 
™ cycle, then at ^ V-^ goes high, closes S 3 and S' 3 so that 
current sources l 3 and P 3 are prepared to inject current 
into the loop filter. Note, during the interval t c - 1 5 when 
there is no data transition, both V u and V d are low, the 
third state of the tri-state phase detector. Finally, when 

*s a data transition occurs at t 5 , the phase detector detects 
the transition and applies a control voltage V d to the 
charge pump so that a control current pulse ! c = -31 is 
applied to the loop filter. In a similar fashion, FIG. 5 
shows, for example, additional control current pulses of 

20 amplitude +21, -I, +41, -I, -I, and +l, respectively, being 
generated by the charge pump at times t 6 to , respec- 
tively. In this manner, the phase detector gain, and 
hence the loop gain, is adjusted to compensate for the 
changing transition density of the data signal. 

25 [0023] It is to be understood that the above-described 
arrangements are merely illustrative of the many possi- 
ble specific embodiments which can be devised. For ex- 
ample, there are many alternative designs of counter 
22.2 well-known in the art which would be suitable for 

30 use in the inventive PLL system. One such design is 
shown in FIG. 6 wherein a plurality of D-flip flops are 
arranged in tandem. A dc voltage corresponding to a 
logic state is applied to the D input of the first flip flop, 
and the control voltages (V T ,) (/= 2, 3...) are taken from 

35 the Q outputs of the respective flip flops. The increment 
signal INC from the VCO is applied to the clock inputs 
CLK of the flip flops, and the clear signal CLR from the 
data transition detector 22.1 is applied to their clear in- 
. puts. 

40 [0024] In addition, although the foregoing description 
relates, for illustrative purposes, to analog PLL systems, 
the principles of the invention are also applicable to all- 
digital PLLs, e.g., a PLL with a digital loop filter and dig- 
ital phase detector, a PLL implemented in an FPGA or 

^5 a DSP, or a PLL implemented in software in a microproc- 
essor. 

[0025] Finally, it should be noted that the invention is 
advantageously used in systems where the data is cod- 
ed so that there is an upper bound on the number of 

50 data bits which can occur between data transitions. Ex- 
amples of such coding schemes are Manchester coding 
and Run Length Limited coding. However, the invention 
is not limited to such use in such systems. Thus, if the 
embodiments of the invention shown in FIG. 3 or FIG. 

55 4 were used in system without an upper bound of the - 
type described above, then the PLL would still provide 
loop gain compensation, and hence be an improvement 
over the prior art, up to the point where the charge pump 
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had already switched irrfhe maximum number of current 
sources provided by the physical design even though a 
relatively low transition density data signal may be "de- 
manding" more current. 



Claims 

1 . A method of operation of a phase-locked loop sys- 
tem for locking a clock signal to an input data signal, 
a method characterized by the steps of: 

(a) determining the transition density of the in- 
put data signal by counting the number of clock 
signal transitions which occur between data 
signal transitions, and 

(b) adjusting the loop gain of said system in re- 
sponse to said counting step (a). 

2. The method of claim 1 wherein, in step (b) the av- 
erage loop gain is maintained essentially constant 
with changes in transition density of the input signal. 

3. The method of claim 1 wherein said system includes 
a phase detector tor comparing the phase of said 
input signal to that of said clock signal and wherein 
step (b) includes adjusting the effective gain of said 
phase detector, in response to said counting step 
(a). 

4. The method of claim 3 wherein said system includes 
a loop filter for filtering the output of said phase de- 
tector and wherein step (b) includes injecting cur- 
rent pulses into said loop filter, the amplitude of said 
pulses being related to the number of said transi- 
tions counted in step (a). 

5. The method of claim 4 wherein said injecting step 
includes using the output of said phase detector to 
determine when said current pulses are injected in- 
to said loop filter. 

6. The method of claim 4 wherein the amplitude of said 
pulses is related to said number of clock transitions, 
wherein said data and clock signals are out of phase 
by an amount A, and wherein the width of said puls- 
es is related to A. 



7. A data system (10) comprising 

a phase-locked loop subsystem (12) for lock- 
ing a clock signal (V 0 ) an input data signal (V s ), said 
loop subsystem having a characteristic loop gain re- 
lated to the difference A in phase between said input 
signal and said clock signal, and characterized by 
a modulator (16,22) for adjusting said loop gain in 
response to the difference between the data transi- 
tion density of said input signal and that of said clock 
signal. 



8. The system of claim 7 wherein said modulator 
(16,22) adjusts the loop gain in a manner to main- 
tain the average loop gain essentially constant with 
changes in the density of said input signal. 

9. The system of claim 7 wherein said modulator in- 
cludes 

a comparator (22) for generating a first control 
signal related to said difference in data transi- 
tion density, and 

a source (16) for injecting current pulses into 
said loop in response to said first control signal. 



15 10. The system of claim 9 wherein 



said comparator (22) counts the number of ris- 
ing (or falling) clock signal transitions between 
adjacent data signal transitions, and 
said source (16) injects pulses the amplitudes 
of which are related to said numbers counted 
by said comparator. 



25 



30 



35 



40 



11. The system of claim 10 wherein 

said loop subsystem (12) includes a tri-state 
phase detector (1 4) for generating second con- 
trol signals responsive to the difference in 
phase between said input signal and said clock 
signal, and 

the timing of the injection of said pulses is re- 
sponsive to said second control signals gener- 
ated by said phase detector. 

12. The system of claim 11 wherein 

said loop subsystem comprises an oscillator 
(20) for generating said clock signal, a loop filter 
(1B) for providing a filtered third control signal (V c ) 
for adjusting the frequency of said oscillator, and 
said source (16) supplies said current pulses to said 
filter so as to generate said third control signal. 

13. The system of claim 7 wherein said modulator in- 
cludes a charge pump (16) which injects current 
pulses into said loop, wherein the magnitude of said 
pulses is related to the number of clock transitions 
which occur between data transitions, and wherein 
the width of said pulses is related to A. 



so 

Patentanspruche 

1. Verfahren zum Betreiben eines Phasenregelkreis- 
systems zum Einrasten eines Taktsignals auf ein 
55 Eingangsdatensignal, 

gekennzeichnet durch die Verfahrensschritte: 

a) Ermitteln der Ubergangsdichte des Ein- 
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gangsdatensignais durch Zahlen der Anzahl 
der Taktsignalubergange, die zwischen den 
Datensignalubergangen auftreten, und 
b) Einstellen der Schleifenverstarkung des Sy- 
stems unter Ansprechen auf den Zahischritt a), s 

2. Verfahren nach Anspruch 1 , 

dadurch gekennzeichnet, daB in Schritt b) die mitt- 
lere Schleifenverstarkung bei Anderungen der 
Ubergangsdichte des Eingangssignals im wesent- io 
lichen konstant gehalten wird. 

3. Verfahren nach Anspruch 1 , 

dadurch gekennzeichnet, daB das System einen 
Phasendetektor zum Vergleichen der Phase des is 
Eingangssignals mit der des Taktsignais umfaBt 
und da3 Schritt b) das Einstellen der effektiven Ver- 
starkung des Phasendetektors unter Ansprechen 
auf den Zahischritt a) umfaBt. 

20 

\. Verfahren nach Anspruch 3, 

dadurch gekennzeichnet, daB das System ein 
Schleifenfilter zum Filtern des Ausgangssignals 
des Phasendetektors umf aBt und daB Schritt b) das 
Einspeisen von Stromimpulsen in das Schleifenfil- 25 
ter umfaBt, wobei die Impulsamplituden sich auf die 
Anzahl der Ubergange, die in Schritt a) gezahlt wor- 
den sind, beziehen. 

i. Verfahren nach Anspruch 4, 30 
dadurch gekennzeichnet, daB der Einspeiseschritt 
das Verwenden des Ausgangssignals des Phasen- 
detektors umfaBt, urn zu bestimmen, wann die 
Stromimpulse in das Schleifenfilter eingespeist 
werden. 35 

I Verfahren nach Anspruch 4, 

dadurch gekennzeichnet, daB sich die Amplitude 
der Impulse auf die Anzahl der Taktubergange be- 
zieht, und daB das Daten- und das Taktsignal einen 40 
Phasenunterschied des Betrags A aufweisen, und 
daB sich die Impulsbreite auf A bezieht. 

. Datensystem (10), umfassend: 

ein Phasenregelkreis-Untersystem (12) zum 4S 
Einrasten eines Taktsignais (V D ) auf ein Eingangs- 
datensignal (V s ), wobei das Schleif en-Untersystem 
eine charakteristische Schleifenverstarkung auf- 
weist, die sich auf die Phasendifferenz A zwischen 
dem Eingangssignal und dem Taktsignal bezieht, so 
gekennzeichnet durch: 

einen Modulator (16, 22) zum Einstellen der 
Schleifenverstarkung unter Ansprechen auf die Dif- 
ferenz zwischen der Datenubergangsdichte des 
Eingangssignals und der des Taktsignais. ss 

System nach Anspruch 7, 

dadurch gekennzeichnet, daB der Modulator (16, 



22) die Schleifenverstarkung derart einstellt, daB 
die mittlere Schleifenverstarkung bei Anderungen 
der Dichte des Eingangssignals im wesentlichen 
konstant bleibt. 

9. System nach Anspruch 7, 

dadurch gekennzeichnet, daB der Modulator um- 
faBt: 

einen Komparator (22) zum Erzeugen eines er- 
sten Steuersignals, das mit der Differenz der 
Datenubergangsdichte in Beziehung stent, und 
eine Quelle (16) zum Einspeisen von Stromim- 
pulsen in die Schleif e als Reaktion auf das erste 
Steuersigna!. 

10. System nach Anspruch 9, 
dadurch gekennzeichnet, 

daB der Komparator (22) die Anzahl deranstei- 
genden (oder abfallenden) Taktsignalubergan- 
ge benachbarter Datensignalubergange zahit, 
und daB 

die Quelle (16) Impulse einspeist, deren Ampli- 
tuden in Beziehung zu der vom Komparator ge- 
zahlten Anzahl stehen. 

11. System nach Anspruch 10, 
dadurch gekennzeichnet, daB 

das .Schleif en-Untersystem (12) einen Tri- 
State-Phasendetektor (14) zum Erzeugen ei- 
nes zweiten Steuersignals unter Ansprechen 
auf die Phasendifferenz zwischen dem Ein- 
gangssignal und dem Taktsignal enthatt, und 
daB 

die Zeitsteuerung des Einspeisens der Impulse 
eine Reaktion auf das vom Phasendetektor er- 
zeugte zweite Steuersignal ist. 

12. System nach Anspruch 11, 

dadurch gekennzeichnet, daB das Schleifen-Unter- 
system einen Osziliator (20) zum Erzeugen des 
Taktsignais und ein Schleifenfilter (18) zum Bereit- 
stellen eines gefilterten dritten Steuersignals (V c ) 
zum Einstellen der Frequenz des Oszillators um- 
faBt, und daB die Quelle (16) Stromimpulse an das 
Filter zum Erzeugen des dritten Steuersignals an- 
iegt. 

13. System nach Anspruch 7, . 

dadurch gekennzeichnet, daB der Modulator eine 
Ladungspumpe (16) umfaBt, die Stromimpulse in 
die Schleife einspeist, daB die Impuisamplitude in 
Beziehung zur Anzahl der Taktubergange steht, die 
zwischen den Daten ubergan gen auftreten, und daB 
die Impulsbreite in Beziehung zu A steht. 
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Revendications 



du signal d'horloge. 



2. 



3. 



Procede de mise en fonctionnement d'un systeme 
de boucle a verrouiltage de phase destine a ver- 
rouiller un signal d'horloge sur un signal de donnees 
d'entree, ce precede etant caracterise par les 
etapes : 

(a) de determination de la densite de transitions 
du signal de donnees d'entree en comptant le 
nombre de transitions du signal d'horloge qui 
apparaissent entre des transitions du signal de 
donnees, et 

(b) d'ajustement du gain de boucle du systeme 
en reponse a I'etape de comptage (a). 

Procede suivant la revendication 1, dans lequet, 
tors de I'etape (b), le gain de boucle moyen est 
maintenu pratiquement constant lors de variations 
de la densite de transitions du signal d'entree. 

Procede suivant ia revendication 1 , dans lequel le 
systeme comporte un detecteur de phase destine 
a comparer ia phase du signal d'entree a celle du 
signal d'horloge et dans lequel I'etape (b) comprend 
i'ajustement du gain effectif du detecteur de phase 
en reponse a I'etape de comptage (a). 

Procede suivant ia revendication 3, -dans lequel le 
systeme comporte un tiltre de boucle destine a fil- 
trer la sortie du detecteur de phase et dans lequel 
I'etape (b) comprend I'injection compulsions de cou- 
rant dans le filtre de boucle, I'amplitude des impul- 
sions etant liee au nombre de transitions comptees 
lors de I'etape (a). 

Procede suivant la revendication 4, dans lequel 
I'etape d'injection comprend Tutilisation de la sortie 
du detecteur de phase pour determiner I'instant ou 
les impulsions sont injectees dans le filtre de bou- 
cle. 

,., Procede suivant la revendication 4, dans lequel 
['amplitude des impulsions est liee au nombre de 
transitions d'horloge, dans lequel les donnees et les 
signaux d'horloge sont dephases d'une quantite A, 
et dans lequel la largeur des impulsions est liee a A ; 



9. 



Systeme suivant la revendication 7, dans lequel le 
modulateur (16, 22) ajuste le gain de boucle de ma- 
niere a maintenir pratiquement constant le gain de 
boucle moyen lors de variations de la densite du 
signal d'entree. 

Systeme suivant la revendication 7, dans lequel le 
modulateur comporte : 

un comparateur (22) destine a generer un pre- 
mier signal de commande lie a la difference de 
densite de transitions de donnees, et 
une source (16) destinee a injecter des impul- 
sions de courant dans la boucle en reponse au 
premier signal de commande. 

10. Systeme suivant la revendication 9, dans lequel 

le comparateur (22) compte le nombre de tran- 
sitions de signal d'horloge montantes (ou des- 
cendantes) entre des transitions adjacentes du 
signal de donnees, et 

la source (16) injecte des impulsions dont les 
amplitudes sont liees aux nombres comptes 
par le comparateur. 

11. Systeme suivant la revendication 10, dans lequel 

le sous-systeme (1 2) de boucle comporte un 
detecteur (14) de phase a trois etats destine a 
generer des seconds signaux de commande en 
reponse a la difference de phase entre le signal 
d'entree et le signal d'horloge, et 
le cadencement de I'injection des impulsions 
est sensible aux seconds signaux de comman- 
de generes par le detecteur de phase. 



40 12. Systeme suivant la revendication 11, dans lequel : 
le sous-systeme de boucle comprend un os- 
cillateur (20) destine a generer le signal d'horloge, 
un filtre (1 8) de boucle destine a fournir un troisieme 
signal (V c ) de commande pour ajuster la frequence 
de I'oscillateur, et la source (16) delivre les impul- 
sions de courant au filtre afin de generer le troisie- 
me signal de commande. 
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7. Systeme de donnees (1 0) comprenant : 

un sous-systeme (12) de boucle a verrouilta- 
ge de phase pourverrouiller un signal d'horloge (V 0 ) 
sur un signal de donnees d'entree (V s ), le sous-sys- 
teme de boucle ayant un gain de boucle caracteris- 
tique lie a la difference A de phase entre le signal 
d'entree et le signal d'horloge, et caracterise par un 
modulateur (1 6, 22) destine aajuster le gain de bou- 
cle en reponse a la difference entre ia densite de 
transitions de donnees du signal d'entree et celle 



so 



55 



13. Systeme suivant la revendication 7, dans lequel le 
modulateur comporte une pompe (16) de charge 
qui injecte des impulsions de courant dans la bou- 
cle, dans lequel le niveau des impulsions est lie au 
nombre de transitions d'horloge qui apparaissent 
entre des transitions de donnees, et dans lequel la 
largeur des impulsions est liee a A. 



7 



EP 0 585 090 B1 



FIG. 1 



DATA f 



I 



1 



I 



pa 

CLOCK f 

PHASE 
ERROR [ 1 



S 



Jl 



il 



Jl 



il 



FIG. 2 



DATA r 
PLL 

CLOCK f 

PHASE 
ERROR { ] 



1 



il 



8 



EP 0 585 090 B1 



FIG. 3 




\ 








VOLTAGE 
CONTROLLED 
OSCILLATOR 




DATA 
TRANSITION 
COMPARATOR 






V c 


^ — * 


20— 





FIG. 6 




CLR> 



9 




10 




11 



THIS PAGE BLANK (uspto) 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 



□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCED) OR EXHD3IT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




BLURRED OR ILLEGIBLE TEXT OR DRAWING 



